Alpha 1-antitrypsin deficiency and other causes REVIEW s ABSTRACT Nonsmokers with signs of emphysema at an earlier age than is typical for emphysema deserve a workup for one of the less common causes of emphysema, which include alpha 1-antitrypsin deficiency, connective tissue diseases, hypocomplementemic urticarial vasculitis syndrome, intravenous drug use, human immunodeficiency virus infection, and several rare metabolic disorders.
LTHOUGH CIGARETTE SMOKING is the most widely recognized cause of emphysema, 10% of patients with emphysema never or rarely smoked. These patients deserve a workup for one of the less common causes of emphysema:
• Alpha 1-antitrypsin deficiency We review here the clinical features, diagnosis, and treatment of emphysema due to causes other than cigarette smoking, including genetic risk modifiers and occupational exposures (TABLE 1) . [1] [2] [3] s HOW EMPHYSEMA IS CLASSIFIED Emphysema, one of the three main types of chronic obstructive pulmonary disease along with chronic bronchitis and bronchiectasis, is defined as the abnormal and permanent enlargement of the air spaces distal to the terminal bronchioles, accompanied by destruction of their walls and without obvious fibrosis. 4 Three morphologic types of emphysema can be distinguished with respect to the acinus, the part of the lung structure beyond the terminal bronchiole 5 :
Centriacinar or centrilobular emphysema affects the central part of the acinus, including the respiratory bronchiole. It is associated with long-standing smoking and predominantly affects the upper lung. Focal emphysema is another form of centriacinar emphysema that occurs in coal workers' pneumoconiosis.
Panacinar or panlobular emphysema involves the entire alveolus uniformly, predominantly affecting the lower half of the lungs. Panacinar emphysema is often seen in patients with severe homozygous alpha 1-antitrypsin deficiency, though pathologic evidence of panacinar and centriacinar emphysema often coexist. 6 Distal acinar or paraseptal emphysema mainly involves distal structures such as the alveolar ducts and alveolar sacs and typically occurs either subpleurally or adjacent to fibrous interlobular septa. Paraseptal emphysema can lead to apical or giant bullae, which may rupture and cause spontaneous pneumothorax or compress adjacent, normal lung tissue. Bullae and blebs are other pathologic features of emphysema. Bullae are areas of marked focal dilatation of respiratory air spaces that may result from the coalescence of adjacent areas of emphysema. 7 Blebs are intrapleural collections of air that arise as a complication of interstitial emphysema in the neonatal period or as a consequence of barotrauma due to mechanical ventilation. 8 Emphysematous changes that are not emphysema Lung changes that resemble emphysema may occur in other conditions, as when pulmonary fibrosis or sarcoidosis places traction on air spaces and causes alveolar distension. However, this air space enlargement does not fit the pathologic definition of emphysema, as it is due to fibrosis rather than to destruction of alveolar walls.
Causes of emphysema unrelated to smoking: Clinical features
s ALPHA 1-ANTITRYPSIN DEFICIENCY Alpha 1-antitrypsin deficiency accounts for approximately 3% of cases of chronic obstructive pulmonary disease and causes early-onset emphysema in nonsmokers or minimal smokers.
Alpha 1-antitrypsin deficiency is inherited as an autosomal-codominant disorder, characterized by serum (and hence, lung) levels of alpha 1-antitrypsin far below the laboratory reference range of 20 to approximately 50 µmol/L. Normal levels neutralize the activity of neutrophil elastase, a protease that destroys elastin and other connective tissue components in the lung; however, a deficiency of alpha 1-antitrypsin represents an imbalance in favor of neutrophil elastase and, therefore, increases the risk of emphysematous lung destruction. 9, 10 The hypothesis that emphysema arises from an imbalance of elastase and anti-elastase is supported by studies that show that emphysema develops in the lungs of animals instilled with neutrophil elastase, as well as in nonsmokers with low serum and lung levels of alpha 1-antitrypsin.
Patients with alpha 1-antitrypsin deficiency tend to present with emphysema in the 4th to 5th decades of life, 11, 12 and they often present with liver disease as children. 13 
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emphysema, based on population studies. People with serum levels below this protective threshold and who are thus at higher risk of emphysema include ZZ homozygotes, nullnull homozygotes, and approximately 10% of SZ heterozygotes. In contrast, phenotype SS homozygotes and MZ or MS heterozygotes who do not smoke do not appear to be at increased risk for emphysema (TABLE 2) .
Estimates of the prevalence of the highrisk alpha 1-antitrypsin ZZ genotype range from 1 in 1,575 to 1 in 5,097 people 17, 18 ; based on a US population of 260 million, 80,000 to 100,000 Americans would be expected to have alpha 1-antitrypsin deficiency.
Alpha 1-antitrypsin deficiency is underrecognized
Although alpha 1-antitrypsin deficiency is as prevalent as cystic fibrosis, the condition is largely underrecognized. In a screening of 20,000 blood specimens submitted to the Saint Louis, Missouri, blood bank, only 28 (4%) of 700 people expected to have the ZZ genotype were recognized to have alpha 1-antitrypsin deficiency. 19 In addition, a survey 20 reported a mean 7.2-year interval between patients' first symptoms and the initial diagnosis of alpha 1-antitrypsin deficiency. Furthermore, 44% of respondents reported seeing at least three physicians before the diagnosis was made.
Natural history
Our current understanding of the natural history of alpha 1-antitrypsin deficiency is incomplete. Experience shows that, in the first two decades of life, the clinical picture of ZZ alpha 1-antitrypsin deficiency is dominated by liver dysfunction. Neonatal hepatitis can occur, often resolving spontaneously, but sometimes progressing to cirrhosis and the need for liver transplantation. Emphysema in these patients usually develops in the 4th or 5th decades, though it may develop earlier or later. Recent data suggest that liver disease is common in older patients with the ZZ type who do not develop emphysema earlier in life.
Factors associated with an even more accelerated decline of lung function in these patients include cigarette smoking, bronchodilator responsiveness, and older age. Severe alpha 1-antitrypsin deficiency also confers an increased risk of death due to the effects of both lung and liver disease. The death rate in patients in the National Institutes of Health Registry was 3% per year, 21 with high rates in patients with more severe airflow obstruction.
Clinical effects, warning signs
Severe alpha 1-antitrypsin deficiency can affect the lungs, liver, and skin. Clinical features that should prompt testing for alpha 1-antitrypsin deficiency include unexplained emphysema, liver disease, and necrotizing panniculitis (TABLE 3) .
In the earliest published series, 22 75% of patients with ZZ type alpha 1-antitrypsin deficiency had chronic obstructive pulmonary disease (59% emphysema, 38% chronic bronchitis), 11% had bronchiectasis, and 4% had asthma. In another report, the prevalence of bronchiectasis varied from 2% to 43% and occurred most commonly in lobes with higher emphysema scores. 23 The relationship between alpha 1-antitrypsin deficiency and bronchial asthma is uncertain, although one study has demonstrated that asthmatic symptoms are more common in Hispanics with S and Z genes. 24 
s CONNECTIVE TISSUE DISORDERS
Connective tissue disorders that can cause emphysema include cutis laxa, Marfan syndrome, and Ehlers-Danlos syndrome (TABLE 1). In each of these, the onset of emphysema is during infancy. 
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Cutis laxa
Cutis laxa is an autosomal or X-linked inherited disorder characterized by premature aging due to abnormal formation of elastin. 25, 26 Symptoms of emphysema associated with cutis laxa have been known to occur early in the neonatal period or in infancy, and the recessive form of the disorder is associated with more severe emphysema. 25 Cutis laxa is caused primarily by a defect in the synthesis of elastin or tropoelastin or by an accelerated degradation of elastin by protease. On the other hand, the X-linked form of cutis laxa or Ehlers-Danlos type IX results from a deficiency of lysyl oxidase, which is required in the cross-linking of collagen. 26 
Marfan syndrome
Marfan syndrome is an autosomal-dominant disease of type I collagen characterized by arachnodactyly (long, spider-like digits), posterior subluxation of the crystalline lens, and cardiac valvular defects. Emphysema and apical bullae occur in 10% of patients with this syndrome.
Ehlers-Danlos syndrome
Ehlers-Danlos syndrome is a heterogeneous group of inherited connective tissue disorders characterized by increased laxity of the skin, hypermobility of joints, easy bruisability, pseudotumors, and panacinar emphysema. 27 s OTHER UNUSUAL CAUSES OF EMPHYSEMA Intravenous drug abuse About 2% of intravenous drug abusers develop emphysema (mainly basilar and panacinar) due to pulmonary vascular damage from injecting insoluble filler (cornstarch, cotton fibers, cellulose, talc) contained in methadone or methylphenidate. 28, 29 In addition, people who inject cocaine or heroin may develop bullous cysts, mainly in the upper lobes and the peripheral lung tissues.
Human immunodeficiency virus
Emphysema with bullae occurs in 12% of HIV-seropositive patients, regardless of whether they have Pneumocystis carinii infection. 30 Recent reports show that seropositivity for HIV alone increases the susceptibility to accelerated emphysema among smokers. 31, 32 Emphysema in patients with HIV infection may develop due to malnutrition, decreased glutathione levels, or enhanced local cytokine or elastase release. 33 Diffusely distributed pneumatoceles may be observed in 10% to 20% of patients with Pneumocystis carinii pneumonia. 33 
Hypocomplementemic urticarial vasculitis syndrome
Chronic obstructive pulmonary disease occurs in more than half of patients with hypocomplementemic urticarial vasculitis syndrome. This syndrome is eight times more common in women than in men. The time of onset is variable, between ages 23 to 66 years, but usually before age 30.
The most common presenting feature is urticaria, which often precedes chronic obstructive pulmonary disease. Other manifestations include angioedema (72% of patients), non-deforming arthritis or synovitis (50%), conjunctivitis, episcleritis, and pericarditis. 34 The most commonly reported symptom is dyspnea, the degree of airflow obstruction may be severe, and the rate of decline of forced expiratory volume in 1 second (FEV 1 ) may be unusually rapid. 35 
Malnutrition
Severe malnutrition and weight loss have also been associated with emphysema. The putative mechanism is unopposed elastase-induced lung injury. 36 
Rare hereditary diseases
Salla disease, an autosomal-recessive disorder of sialic acid metabolism, was first described in two nonsmoking siblings in Scandinavia. These patients had normal life spans but demonstrated severe mental retardation, ataxia, nystagmus, and emphysema. 37 The pathophysiology of emphysema in these patients is unknown, but it is postulated that the accumulation of sialic acid in the lysosomes of macrophages impairs antiproteolytic function, thereby promoting elastolysis and centrilobular emphysema.
Menke syndrome is an X-linked recessive disorder. Little is known about this disease, which is caused by abnormal elastin gene 
Specific differences in presentation
In smoking-related emphysema, the onset is usually in the 6th to 8th decades of life, and chest radiography usually shows hyperlucency at the lung apices. In emphysema due to an uncommon cause, however, the onset tends to be earlier, and the distribution of lung damage may be different. In severe alpha 1-antitrypsin deficiency, the onset of emphysema is during the 4th and 5th decades and primarily affects the lung bases.
In connective tissue disorders, the onset is soon after birth. With cutis laxa and EhlersDanlos syndrome, the pattern is panacinar, and with Marfan syndrome the distribution is apical with bullae.
In emphysema due to intravenous drug abuse, the onset is usually before age 30, and the distribution may be apical with bullae, as in those who inject heroin or cocaine, or basilar in those who inject methylphenidate or methadone.
In HIV infection or Pneumocystis carinii pneumonia, the onset is usually before age 40. Apical and cortical bullae are common in patients with HIV infection. Cysts are often seen in those with Pneumocystis carinii pneumonia, although no particular distribution is characteristic; these patients usually present with dyspnea, cough, and fever.
In hypocomplementemic urticarial vasculitis syndrome, the onset is before age 30.
Physical findings
Physical findings related to emphysema in patients with emphysema due to uncommon causes are similar to those seen in smokingrelated emphysema. Patients with mild emphysema usually have no signs or symptoms during quiet breathing. Patients with advanced disease, however, have the classic physical signs of In nonsmokers, physical findings of emphysema are the same, but they occur much earlier FIGURE 1. Posteroanterior and lateral plain chest radiographs of a patient with homozygous ZZ phenotype alpha 1-antitrypsin deficiency. Note that the hyperlucency is greater at the bases of the lungs than at the apices.
barrel-shaped chest, emaciation, pursed-lip breathing, and use of accessory muscles of respiration. During exacerbations of emphysema, patients may assume the tripod position: they sit forward by leaning on the elbows or supporting the upper body with extended arms. This stabilizes the shoulder girdle and places the accessory muscles of respiration (eg, the sternocleidomastoids) at a mechanical advantage. Also, patients with advanced emphysema may show signs of pulmonary hypertension and cor pulmonale, with displaced cardiac impulse, parasternal heave, loud pulmonary component of the second heart sound, and signs of right heart failure.
Chest radiography
Radiographic images of the lungs provide the clearest evidence of emphysema. Typical findings on the frontal and lateral radiographs in patients with smoking-related centriacinar emphysema include a low, flat diaphragm, increased retrosternal airspace, hyperlucency of the lungs, a long, narrow heart shadow, and tapering of vascular shadows. Bullae-radiolucent areas larger than 1 cm in diameter-may be present and may reflect locally severe emphysema. When pulmonary hypertension or cor pulmonale develops, hilar vascular shadows become more prominent with enlargement of the cardiac silhouette and obliteration of the retrosternal space.
In emphysema due to alpha 1-antitrypsin deficiency, basilar involvement is common: 85% of 165 ZZ homozygotes in one series 22 had basilar involvement, though the classic pattern of disproportionate basilar involvement was less common (FIGURE 1). TABLE 1 reviews the distributions typical of emphysema due to other uncommon causes.
Radiography is not helpful in detecting mild emphysema. Studies correlating the degree of emphysema with the appearance on plain chest radiography show that emphysema is consistently diagnosed when the disease is severe, is correctly diagnosed in approximately 50% of patients with moderate disease, and can be overlooked when the disease is mild. 39 
Computed tomography
Computed tomography (CT) of the chest, especially high-resolution CT with collimation of 1 to 2 mm, has greater sensitivity and specificity than plain chest radiography for detecting emphysema, including mild emphysema (FIGURE 2). However, routine CT in patients with emphysema is not justified, since it alters neither the course of the disease nor its treatment.
CT can be used to guide surgical resection in patients with giant bullae or to diagnose concomitant bronchiectasis.
Pulmonary function testing
Pulmonary function testing is essential for the diagnosis of emphysema, as well as for longterm follow-up.
The FEV 1 is the most useful measure of lung function. It is easy to perform and is highly reproducible, and its relationship to age, sex, and height is well established. The FEV 1 is also used to grade disease severity and is a potent indicator of prognosis. 40 Reversible airflow obstruction, akin to an "asthmatic" component, may be a feature in If emphysema is mild, chest radiography does not help the diagnosis approximately two thirds of patients with chronic obstructive pulmonary disease, including emphysema due to alpha 1-antitrypsin deficiency.
Lung volume measurements may show an increase in total lung capacity and residual volume, with a concomitant reduction in forced vital capacity due to air trapping.
The single-breath carbon monoxide diffusing capacity is also decreased in proportion to the severity of emphysema, due to the loss of the alveolar capillary bed.
Arterial blood gas measurement in early emphysema reveals mild or moderate hypoxemia. As the disease progresses, hypoxemia may worsen, and hypercapnia may supervene. Hypercapnia is more often observed when the FEV 1 falls below 1 L, and these abnormalities may worsen during sleep or during an acute exacerbation. [41] [42] [43] Additional diagnostic considerations in emphysema due to uncommon causes Ten to 15 of the variants of the alpha 1-antitrypsin gene are associated with serum levels below the protective threshold of 80 mg/dL or 11 µmol/L, 44 and the Z allele accounts for 95% of cases of severe alpha 1-antitrypsin deficiency. For practical purposes, the diagnosis of alpha 1-antitrypsin deficiency due to the ZZ genotype is established if the serum level is 3 to 7 µmol/L. Specific genotyping is reserved for patients with a low or borderline serum alpha 1-antitrypsin concentration (7 to 11 µmol/L), or when genetic counseling or family analysis is needed.
The baseline evaluation of patients suspected of having alpha 1-antitrypsin deficiency also should include posteroanterior and lateral chest radiography, spirometry, measurement of oxygenation, and liver function tests.
Decreased levels of C1q and the presence of immunoglobulin G antibodies to C1q are diagnostic for hypocomplementemic urticarial vasculitis syndrome. In 61% of cases, antinuclear and anti-double-stranded DNA antibodies can also be detected. 34 
s TREATMENT CONSIDERATIONS
For patients with emphysema due to uncommon causes, the same therapeutic principles apply as for smoking-related emphysema. Management includes bronchodilators, supplemental oxygen for hypoxemia, pulmonary rehabilitation, preventive strategies such as influenza and pneumococcal vaccination, and, when indicated, lung transplantation.
Treating alpha 1-antitrypsin deficiency
Current treatment of alpha 1-antitrypsin deficiency is to give augmentation therapy to patients who have established emphysema and a phenotype associated with serum levels below the protective threshold value. 45, 46 Augmentation therapy involves the infusion of pooled human plasma antiprotease to raise serum levels above the protective threshold and to also raise levels of antiprotease in the lungs.
Although there is no definitive evidence from randomized clinical trials that this therapy is clinically effective, observational studies suggest that restoring serum and lung levels of alpha 1-antitrypsin is biochemically effective, and that it is clinically effective in slowing the rates of decline in lung function, at least in patients with established emphysema and moderately severe airflow obstruction. 21 Furthermore, observational data from the National Institutes of Health Registry of Individuals with Severe Deficiency of Alpha 1-antitrypsin show that recipients have a higher survival rate. 21 As we already noted, the available evidence makes the indication for augmentation therapy strongest when airflow obstruction is moderate. However, we recommend intravenous augmentation therapy whenever emphysema is established in a patient with severe alpha 1-antitrypsin deficiency. A dose of 60 mg/kg once weekly is widely used. Because current preparations of pooled human plasma alpha 1-antiprotease contain immunoglobulin A, a deficiency of immunoglobulin A should be ruled out in prospective recipients.
Investigators are exploring alternative strategies for augmentation therapy, including recombinant alpha 1-antitrypsin in intravenous and inhaled formulations. Promising approaches in preliminary stages of investigation are enhancement of hepatocyte secretion of functional alpha 1-antitrypsin protein, gene therapy, and synthetic elastase inhibitors.
FEV 1 is the most useful test of lung function in emphysema
Treatment of hypocomplementemic urticarial vasculitis Hypocomplementemic urticarial vasculitis syndrome is generally treated with glucocorticoids. Dapsone has also been found to improve lung function in a few patients. 47 s REFERENCES
